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FOREWORD 

The Argonne National Laboratory Physics Division 

Summary Report is issued almost monthly for the information of the 

members of the Division and a limited number of other persons 

interested in the progress of the work. 

Since reports on any particular research program are 

written at i r regular in tervals , the individual issues usually present 

only a fragmentary picture of the work of the Division. To counteract 

th is , the active projects not reporting are listed in each issue; and an 

Annual Review issue presents a comprehensive survey. 

The ar t ic les in the Physics Summary are informal 

progress r epo r t s . The resul ts and data therefore must be understood 

to be pre l iminary , tentative, and often incomplete. 

The issuance of these reports is not intended to con­

stitute publication in any sense of the word. Final resul ts either will 

be submitted for publication in regular professional journals o r , in 

special ca ses , will be presented in ANL Topical Repor ts . 
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I. E X P E R I M E N T A L NUCLEAR PHYSICS 

1-10-3 T a n d e m Van de Graaff A c c e l e r a t o r (51210-01) 

J . R. Wa l l ace 

This r e p o r t c o v e r s the o p e r a t i o n of the t a n d e m Van de 

Graaf f du r ing the p e r i o d of F e b r u a r y 1963 to Ju ly 31 , 1963. 

The e x p e r i m e n t a l d e m a n d s for tinne on the t a n d e m have 

s t e a d i l y i n c r e a s e d . A 5 - d a y / w e e k s c h e d u l e (24 h r / d a y ) has been in 

o p e r a t i o n f rom F e b r u a r y unti l Ju ly . An add i t iona l 16 h r s of o p e r a t i o n 

has b e e n added on S a t u r d a y . P l a n s have b e e n m a d e for a s e v e n - d a y 

(24 h r / d a y ) o p e r a t i o n as soon as add i t i ona l m a n p o w e r can be r e c r u i t e d 

and t r a i n e d . 

It a p p e a r s tha t the i n s t a l l a t i on of f r eon -coo led r e f r i g e r a ­

t ion baff les in the m a i n pumping s t a t ions will g r e a t l y l eng then the o p e r a ­

t ing p e r i o d of the m e r c u r y diffusion p u m p s . S teps a r e be ing t aken to 

h a v e such baff les m a d e and to p u r c h a s e s m a l l r e f r i g e r a t i o n s y s t e m s to 

be u s e d wi th t h e m . The l o s s of m e r c u r y f rom the diffusion p u m p s to the 

l iquid N t r a p has r e q u i r e d nnonthly a t t en t ion s ince the T a n d e m w a s put 

into o p e r a t i o n . 

A b e a m b u n c h e r and p u l s e r has been added to the T a n d e m . 

F r a n k L y n c h has c o o r d i n a t e d the i n s t a l l a t i o n of th is e q u i p m e n t , wh ich 

C e n t r a l Shops and the E l e c t r o n i c s D iv i s i on have bui l t u n d e r h is d i r e c t i o n . 

The i n s t a l l a t i o n of the b r o a d - r a n g e m a g n e t i c s p e c t r o g r a p h 

is a l m o s t c o m p l e t e d , and John E r s k i n e is mak ing p r e l i m i n a r y runs wi th 

i t . 

The h e a v y - i o n p r o g r a m on the T a n d e m is u n d e r w a y . An 

o s c i l l a t o r c i r c u i t c a p a b l e of h i g h e r p o w e r for u s e wi th an rf ion s o u r c e 

has b e e n d e s i g n e d by A l b e r t H a t c h and A r t h u r F r o e h l i c h . This c i r c u i t 

is now u n d e r c o n s t r u c t i o n , R o b e r t Ho l l and has been d i r e c t i n g t h e s e 

h e a v y - i o n i n v e s t i g a t i o n s and the r e q u i r e d m o d i f i c a t i o n s of the c o n t r o l 

c i r c u i t s n e c e s s a r y for t h i s p r o g r a m . 
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Some p r o b l e m s have b e e n e n c o u n t e r e d in the d u o p l a s m a 

ion s o u r c e dur ing th is p e r i o d of o p e r a t i o n , but the m a j o r p o r t i o n of 

the Tandem has been t r o u b l e - f r e e . Th i s has r e s u l t e d in 2275 h o u r s 

of ope ra t i on ( F e b r u a r y 1 — Ju ly 31 , 1963). 

1-11-31 Opera t ion of the 4. 5-MeV Van de Graaf f G e n e r a t o r (51210-01) 

J . R. W a l l a c e 

This r e p o r t s u m m a r i z e s the c h a n g e s tha t have b e e n m a d e 

on the 4 . 5 - M e V Van de Graaff g e n e r a t o r of the P h y s i c s D i v i s i o n . 

T h e r e has been a l o n g - r a n g e p r o g r a m for s o m e t i m e to 

i m p r o v e ene rgy s tab i l i ty and to i n c r e a s e the b e a m i n t e n s i t y at the t a r ­

get of this m a c h i n e . T h e s e a r e needed for c e r t a i n s c a t t e r i n g e x p e r i ­

m e n t s . A lexande r Langsdor f , J r . , one of the p r o s p e c t i v e b e n e f i c i a r i e s 

of the i m p r o v e m e n t s , has been devot ing a g r e a t d e a l of h i s t i m e to a c ­

compl i sh these o b j e c t i v e s . 

The changes that h a v e been m a d e inc lude (1) an e n t i r e l y 

new b e l t - c h a r g i n g s y s t e m ; (2) a new o s c i l l a t o r c i r c u i t (which d e l i v e r s 

m o r e power to the rf ion s o u r c e ) ; (3) s e v e r a l new p o w e r supp l i e s (for 

the focus supply, b e l t - c h a r g i n g s y s t e m , e t c . ) ; (4) m o d i f i c a t i o n s i n s i d e 

the g e n e r a t o r so that the two l a r g e vo l t age -d iv id ing s h e l l s could be r e ­

moved; (5) modif ica t ions of the e n e r g y - c o n t r o l c i r c u i t s ; (6) an i m p r o v e d 

t e n s i o n e r a s s e m b l y for the cha rg ing be l t ; and (7) new 4 0 0 - c p s g e n e r a t o r s 

for i o n - s o u r c e p o w e r . 

T h e s e changes have m a d e it p o s s i b l e to o p e r a t e the 

g e n e r a t o r at lower vo l t ages with l a r g e r b e a m c u r r e n t s . The l i f e t ime 

of the charg ing bel t has been g r e a t l y i n c r e a s e d . B e a m c u r r e n t s a t 

h ighe r vo l tages have been i n c r e a s e d . 

Remova l of the l a r g e vo l t age -d iv id ing s h e l l s now a l lows 

r e l o c a t i o n of the g e n e r a t o r so tha t a b e a m - s t e e r i n g s y s t e m can be i n ­

s ta l l ed be tween the mach ine and the swi tch ing m a g n e t . Th i s wi l l 
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greatly reduce experimental setup time and facilitate the rechecking 

of results during an experiment with the Van de Graaff. 

The Electronics Division is now designing and build­

ing an improved power supply for the electrostatic analyzer and also 

power supplies and controls for the beam-steer ing system to be in­

stalled in the near future. 

An improved target design will also be required to 

handle the increased beam cur ren t s . 

Fur ther details of these changes will be available in 

later repor t s . P rogress has been slow because modifications are 

added piecemeal to avoid interrupting the experimental p rograms . 

1-18-17 Neutron Polarization and Differential Cross Sections (5 1210-01) 

R. O. Lane, A. J. Elwyn, and A. Langsdorf, J r . 

POLARIZATION OF NEUTRONS SCATTERED FROM 
Be^ : PARITIES OF 7. 37- AND7.54-MEV STATES IN Bel° 

The polarization P{6) and differential c ross section ir {9) 

for neutrons scat tered from Be ^ were measured at 5 angles for inci­

dent neutron energies from 0. 2 to 2, 0 MeV. The source of partially 

polarized neutrons was the Li'^ (p, n)Be'^ reaction with neutrons emit­

ted at 5 1 with respect to the incident proton beam. Polarization was 

measured by determining the difference between the scattered intensity 

without a magnetic field and the intensity when the neutrons incident on 

the sca t te rer were passed through the t ransverse field of an electromagnet 
o 

set to precess the spins through 180 . A more detailed description of 
1 

the equipment and method can be found elsewhere. Figures 1 and 2 
1 

R. O. Lane, A. J. Elwyn, and A, Langsdorf, J r , , Phys, Rev. 
126, 1105 (1962); A, J, Elwyn, R, O, Lane, and A, Langsdorf, J r . , 
Phys , Rev. 128, 779 (1962), 
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m.lOEGI 

Fig. 1. Angular distributions of the differential scattering cross sections 
<r {9 ) and the polarization P(6 ) in the center-of-mass system 

for BeŜ -i- n. Neutron energies in the laboratory system (0. 200 0. 675 
MeV) appear on the right. Circles and crosses are experimental points 
for scatterers YS" i"-^rid^ in. thick, respectively. Where no error bars 
appear, errors are less than the size of the points. The curves were 
calculated from the final set of parameters shown in Table I and averaged 

over the energy spread of the beam. 
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Fig. 2, Angular distributions of the differential scattering cross sections 
) and the polarization P(6 ) in the center-of-mass system " • , , ( 0 u ^ c. 

for Be^ + n. Neutron energies in the laboratory system (0. 770 — 0. 900 
MeV) appear on the right. Circles and crosses are experimental points 
for sca t t e re r s — in. and — in. thick, respectively. Where no e r r o r 
bars appear, e r r o r s are less than the size of the points. The curves 
were calculated from the final set of parameters shown in Table I and 
averaged over the energy spread of the beam. 
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show the e x p e r i m e n t a l r e s u l t s f rom 0, 2 to 0, 9 MeV w h e r e m o s t of the 

i n t e r e s t in th is w o r k was c o n c e n t r a t e d . The r e s u l t s for P(9) f rom 1. 0 

to 2 .0 MeV a r e shown in F i g . 3. The r e s u l t s for tr (0) in th i s r e g i o n 
2 

a r e not shown but a g r e e with our e a r l i e r w o r k . At each e n e r g y be tween 

0. 2 and 0. 9 MeV, <r {9) was expanded as a sum of L e g e n d r e p o l y n o m i a l s 

.(9)-I B p j e ) , 
L=0 

and the differential polarization o" ( 9) = ir (9 ) P (9) was expanded a s a 

sum of a s s o c i a t e d L e g e n d r e po lynomia l s 

3 

I 
L=l 

-P '^> = 2 . C L P L ' ^ > -

The ene rgy dependence of coeff ic ients B and C a r e shown p lo t ted in 
X-i X-i 

F i g s , 4 - 6 . 

The value J = 3 for the 7. 37-MeV s ta te s e e m s wel l e s t a b ­

l i shed from prev ious work on to ta l c r o s s s e c t i o n s , but the p a r i t y has 
3 

been in ques t ion for some t i m e . Wil lard_et a l . as wel l as Lane and 
4 

Monahan w e r e able to r e p r e s e n t d i f f e ren t i a l s c a t t e r i n g da ta n e a r the 
0. 625-MeV r e s o n a n c e c o r r e s p o n d i n g to th is s t a t e in B e l ° b y a s s u m -

ir + 5 

ing J = 3 with format ion in ,^= 1. A l t m a n et a l . have conc luded (1) 

that th is s ta te and the 8. 89-MeV s t a t e in Belo a r e p r o b a b l y ana log s t a t e s 

of i sotopic spin T = 1 in the m a s s - 1 0 t r i a d and (2) that t he se s t a t e s have 

negat ive pa r i ty ( j ' '= 3"). On the b a s i s of d i f f e r e n t i a l - s c a t t e r i n g w o r k 
2 

R. O. L a n e , A, Langsdorf , J r . , J . E . Monahan , and A . J . E lwyn 
Ann. P h y s . _12, 135 (1961). 

3 
H. B . Wi l l a rd , J . K. B a i r , and J . D . Kington, P h y s . Rev 98 

669 (1955). • — ' 
4 

R. O. Lane and J . E . Monahan , B u l l . A m . P h y s . Soc . 1, 187 (1956). 

A . A l tman , W. M. MacDonald , and J . B . M a r i o n Nucl P h v s 35 
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alone it is not c lear which pari ty is cor rec t for the 7. 37-MeV state in 

B l ° , because of the freedom allowed in making assumptions which are 

not readily verified. It was hoped that with these new polarization 

data the assignment might be made more definite. Calculations of 

C and B were made for a two-channel (channel spins S = 1, 2) p ro ­

cess whenever this process was allowed by selection rules . Figure 4 
IT + 

shows the b e s t fit to C and B c a l c u l a t e d for this s t a t e wi th J = 3 
L L 

{i=i), c h a n n e l sp in S = 2 only , for r a d i i of 5 . 6 F (dashed ) , 8. OF (sol id) , 

and 10 .0 F (do t ted) . F o r th is a s s i g n m e n t a l l s - w a v e backg round s c a t ­

t e r i n g m u s t be in S = 1 (because B^ and Ĉ ^ a r e n o n r e s o n a n t ) , a c o n c l u ­

s ion which d i s a g r e e s with t h e r m a l s c a t t e r i n g d a t a . N u m e r o u s v a r i a t i o n s 

in p a r a m e t e r s and c o n t r i b u t i o n s of s - and p - w a v e b a c k g r o u n d s w e r e 

a t t e m p t e d wi thout i m p r o v i n g the f i t s . None of the c a l c u l a t i o n s shown 

in F i g . 4 fit the d a t a w e l l . 

F i g u r e 5 shows the c a l c u l a t e d r e s u l t s o v e r the r eg ion of the 

two r e s o n a n c e s , wi th the 7. 37-MeV s t a t e a s s u m e d to have J = 3 (i =2) 

wi th equa l p a r t i a l widths in each channe l sp in , and the n a r r o w 7 . 5 4 - M e V 

s t a t e a s s u m e d to have J = 2 (i = 1). Tab le I shows the v a l u e s of the 

p a r a n n e t e r s u s e d in t h e s e c a l c u l a t i o n s . When the c a l c u l a t e d C and B 
L L 

T A B L E I. L e v e l p a r a m e t e r s for the c a l c u l a t e d 
c u r v e s shown in F i g s . 1, 2, 5, and 6 wi th R = 5 .6 F . 
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a r e a v e r a g e d (dashed c u r v e s ) ove r the e n e r g y s p r e a d AE of the n e u t r o n 

b e a m , the a g r e e m e n t with the dominan t r e s o n a n t coe f f i c i en t s for the 

da ta is quite good and is s t r o n g e v i d e n c e for the l a t t e r a s s i g n m e n t for 

these l e v e l s . The r e a s o n s for the s y s t e m a t i c d i s c r e p a n c i e s in the non-

re sonan t coefficient C.^ above 0 .6 MeV and in B^̂  below 0 .7 MeV a r e 

not c l e a r . However , of p r i m a r y i m p o r t a n c e in d e t e r m i n i n g the a s s i g n ­

ments h e r e is the fact that the dominan t r e s o n a n t t e r m s a r e in good 

a g r e e m e n t with the d a t a . F o r t h e s e final c a l c u l a t i o n s , t he bound 1 and 

2" s t a t e s in Be^" w e r e included in t he s - w a v e b a c k g r o u n d and a c c o u n t e d 

well for the s h a r p r i s e in o" at low e n e r g i e s , as can be s e e n in F i g . 6 

where the ca l cu la t ed r e s u l t s a r e c o m p a r e d with the da t a be low 0 .5 M e V . 

The p-wave background included was that for J = 3; al l o t h e r s l ead to 

fu r the r d i s a g r e e m e n t with the d a t a , e . g . , the wrong s ign for C^ . 

It can be concluded d i r e c t l y f rom th i s i n t e r p r e t a t i o n of 

these e x p e r i m e n t a l da ta that J is mos t p r o b a b l y 3 (i = 2) for the 7 . 37 -

MeV s ta te in B e l " and 2"*" (i = 1) for the 7. 54 -MeV s t a t e . 

A m o r e de t a i l ed account of th i s work is being s u b m i t t e d 

to the P h y s i c a l Review. 

1-38-1 C o m p u t e r P r o g r a m for Ana lys i s of C o m p l e x Cont inuous B e t a - R a y 
S p e c t r a (51210-01) 

S. B . B u r s o n , R. G. H e l m e r , and T . Geday loo 

INTRODUCTION 

In co l l abora t ion with W. J . Cody and J . A . G r e g o r y of 

the Argonne Applied M a t h e m a t i c s Div i s ion , a t w o - s t a g e c o m p u t e r p r o ­

g r a m (for the IBM-704) has been developed for the a n a l y s i s of c o m p l e x 

b e t a - r a y s p e c t r a . Only the second s tage wi l l be d e s c r i b e d . The f i r s t 

s tage a c c o m p l i s h e s s t a n d a r d da ta r educ t i on . 

A s p e c t r u m c o m p r i s i n g as m a n y a s t h i r t e e n c o m p o n e n t s 

can be ana lyzed . Each componen t is p r e s u m e d to c o n s i s t of a l i n e a r 

combina t ion of a l lowed and u n i q u e - f i r s t - f o r b i d d e n t r a n s i t i o n s and is 



1-38-1 11 

represented by three p a r a m e t e r s : the slope m of its Fe rmi plot ( r e ­

lated to relative intensity), the end-point energy CQ,and the "shape-

partition factor" a. Before the calculation, initial est imates must be 

made for all parameters of the components assumed to be present . 

The free, or unfixed, parameters are varied simultane­

ously in order to minimize the function 

X̂  = E w . [N.-N.(p.)]^, 

where N. and N.(p.) are the experimental and calculated counting ra tes , 

and w. is the weight factor. 

There a re seventeen options that must be exercised by 

the user before any calculation is made. Four of these a re expressed 

by means of sense switches; the remaining thirteen are indicated through 

the choice of control constants punched on the control card that r e p r e ­

sents the calculation. The program will process up to 400 data points. 

The computer for which the program was designed has a storage capa­

city of 32 000 words and the running time has averaged 5 — 10 min. 

The program was compiled by use of FORTRAN and is on punched ca rd s . 

The input and output data are on magnetic tape except in the case of 

optional on-line printing by means of sense switch 3, 

ANALYSIS 

In this program, the method of iterated leas t -squares 

fitting is applied to an experimentally measured beta-ray spectrum. The 

approach has the distinct advantage that it is possible to quantitatively 

separate beta components whose end points a re quite close together. This 

c i rcumstance often renders the conventional "peeling" procedure ex­

t remely difficult if not entirely impossible. However, the options of 

the program are designed to retain all of the flexibility that accompanies 

manual analysis . 
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The s u b s t a n c e of the l e a s t - s q u a r e s p r o c e d u r e is to a s s u m e 

s o m e ana ly t ic function tha t i s be l i eved to r e p r e s e n t the e x p e r i m e n t a l 

o b s e r v a t i o n s and then adjus t the p a r a m e t e r s of th i s funct ion unt i l the 

b e s t fit is ob ta ined . The word " b e s t f i t " i s u s e d in a s t a t i s t i c a l s e n s e . 

A s implifying a s s u m p t i o n is m a d e in th i s p r o g r a m , 

which (although false in de ta i l ) m a k e s it p o s s i b l e t o w r i t e an ana ly t i c 

e x p r e s s i o n tha t can r e p r e s e n t a v e r y l a r g e c l a s s of b e t a - r a y s p e c t r a . 

The a s s u m p t i o n is that any s ingle componen t has e i t h e r an a l lowed 

shape or a unique f i r s t - f o r b i d d e n shape , or ( m o r e g e n e r a l l y ) tha t it 

can be r e p r e s e n t e d by a l i nea r combina t ion of t h e s e two s h a p e s . 

The e x p r e s s i o n used to r e p r e s e n t the a l lowed shape is 

N(TI) = m2f(Z , -n) Uo - € )2 Lo( r | ) , (al lowed) 

.2 + 1, m 2 

(1) 

w h e r e n is the momen tum of the be ta , e ^ = r| • 

(Cons t . ) g 2 M 2 , f ( Z , n ) = Ti2F(Z,Ti) and Lo(ri) is the shape 
sc reeneci 

f a c t o r . The e x p r e s s i o n holds to a v e r y c l o s e a p p r o x i m a t i o n for t r a n ­

si t ions of e i the r al lowed or o r d i n a r y - f i r s t - f o r b i d d e n c h a r a c t e r . The 

F e r m i plots of t he se s p e c t r a a r e l i n e a r to within a few p e r c e n t . In Eq . 

(1), the counting r a t e N(r| ) is e x p r e s s e d a s a function of the e n e r g y e . 

The p a r a m e t e r m c o m b i n e s the i n t ens i t y s c a l e f a c t o r , r e l a t e d to i n s t r u ­

m e n t a l t r a n s m i s s i o n and s o u r c e s t r e n g t h , with the n u c l e a r m a t r i x e l e ­

m e n t . This is one of the p a r a m e t e r s tha t m u s t be ad jus t ed in o r d e r to 

make the e x p r e s s i o n ma tch the d a t a . 

The F e r m i f ac to r f is the p r o d u c t of the s q u a r e of the 

momen tum n and the t r u e F e r m i function F . The F e r m i funct ions a r e 

not in te rpo la ted , but a r e computed d i r e c t l y by m e a n s of a s u b r o u t i n e 

based on the s c r e e n e d F e r m i function 

F = — (2R)2S \ ^ r 
_ r(3+ 2S) J 

v v 

. ^ 1 . 
aS 

V 

2 ± T T 6 

r ( l + S + i 6 ) | e ' ' , (2) 

w h e r e R is the n u c l e a r r a d i u s , s = (1 - Q 2 Z ^ ) 1/2 -1 
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6^ = aZ t ^ n , € = e T Vo, Vo = 1 3 0 . 9 ^ 5 . H X lO^JZ^/a . The shape 

c o r r e c t i o n f a c t o r LQ is d e r i v e d by i n t e r p o l a t i o n f rom a t ab le that m u s t 

be r e a d into the c o m p u t e r at the beginning of the a n a l y s i s . 

F o r a s ing le c o m p o n e n t of a l lowed s h a p e , it is suff ic ient 

to d e t e r m i n e the b e s t va lues of the two p a r a m e t e r s m and the e n d - p o i n t 

e n e r g y JQ • 

The e x p r e s s i o n u s e d to r e p r e s e n t a c o m p o n e n t having 

u n i q u e - f i r s t - f o r b i d d e n s h a p e ( that i s , AI = 2 with a change of p a r i t y ) is 

N ( T I ) = m2f(Z,Ti)(£o - €)2 j | [ ( « o - f ) ^ Lo + 9 L J , (unique) 

w h e r e m^ = ( C o n s t . ) g ^ M ^ . The t e r m s in the e x p r e s s i o n have the s a m e 

m e a n i n g s as be fo re and aga in t h e r e a r e only two ad jus t ab l e p a r a m e t e r s . 

If one now assunnes that a s ing le componen t c o m p r i s e s 

c o n t r i b u t i o n s f rom two t r a n s i t i o n s , one wi th a l lowed shape and one wi th 

un ique s h a p e , the d i s t r i b u t i o n can be r e p r e s e n t e d by 

N, = m.2f(«0j - €)2 { ( l - a . ) L o + ^ j [( c o j " «)= Lo + 9L J } . 

The e n d - p o i n t e n e r g y is s t i l l a w e l l - d e f i n e d p a r a m e t e r . H o w e v e r , the 

s lope m m a y take on a s o m e w h a t o b s c u r e m e a n i n g . It would not, of 

c o u r s e , be p h y s i c a l l y meaningfu l to f ac to r out two d i f fe ren t m a t r i x 

e l e m e n t s and combine t hem into a s ing le coef f ic ien t . It is n e c e s s a r y 

to i n t r o d u c e a new v a r i a b l e p a r a m e t e r a tha t e x p r e s s e s the r e l a t i v e 

p a r t i t i o n of the s p e c t r u m into the two d i f fe ren t s h a p e s . A s ing le c o m ­

ponent is thus d e s c r i b e d by t h e s e t h r e e p a r a m e t e r s . 

In g e n e r a l , the be t a s p e c t r u m wi l l c o m p r i s e a n u m b e r 

of c o m p o n e n t s wi th v a r i o u s end -po in t e n e r g i e s . If the p r e s e n c e of J 

such c o m p o n e n t s is a s sunned , the d i s t r i b u t i o n is 



14 1-38-1 

J _ 
N = YJ N . ( m . 2 , «o.,<i-)-

j=l •" ^ J J 

To d e s c r i b e any c o m p l e x s p e c t r u m compr i s ing J c o m p o n e n t s , t h e r e 

a r e 3J p a r a m e t e r s to be ad jus t ed . This i s the equa t ion tha t is u sed 

in the p r o g r a m to ca lcu la t e the t h e o r e t i c a l count ing r a t e to be c o m ­

p a r e d with the da ta . The bes t va lues of t h e s e 3J p a r a m e t e r s a r e to 

be d e t e r m i n e d by a l e a s t - s q u a r e s p r o c e d u r e . 

The ca lcu la t ion to d e t e r m i n e the b e s t v a l u e s of the 

p a r a m e t e r s that define the e x p e r i m e n t a l s p e c t r u m m i n i m i z e s the 

function 

S 
X= = E * i [N. - N.(p,)] 

where N, is the e x p e r i m e n t a l and N,(p,) the c a l c u l a t e d coun t , by s e t ­

ting 9x^/9?. = 0 s i m u l t a n e o u s l y for a l l v a lue s of j . Th i s c a l c u l a t i o n 

cannot be done expl ic i t ly un les s the ana ly t i c function u s e d to fit the 

data is l i nea r in the v a r i a b l e s , so the e x p r e s s i o n for N is expanded 

in a Tay lo r s e r i e s . This a p p r o x i m a t i o n then r e q u i r e s tha t o r i g i n a l 

e s t i m a t e s be p rov ided for a l l of the v a r i a b l e p a r a m e t e r s . T h e s e 

o r ig ina l e s t i m a t e s c o r r e s p o n d to the point about which the e x p a n s i o n 

is being m a d e . The r e s u l t s of the f i r s t c a l c u l a t i o n a r e then fed b a c k 

into the equation as input e s t i m a t e s and the c a l c u l a t i o n is r e p e a t e d . 

This i t e r a t i v e p r o c e d u r e cons t i t u t e s a s e r i e s of s u c c e s s i v e a p p r o x i m a ­

t ions which, it is hoped, will c o n v e r g e upon the d e s i r e d b e s t v a l u e s of 

the p a r a m e t e r s . In addi t ion to provid ing o r i g i n a l e s t i m a t e s for a l l of 

the v a r i a b l e p a r a m e t e r s , it is n e c e s s a r y to spec i fy s o m e c r i t e r i o n of 

conve rgence in o r d e r to know when to s top the c a l c u l a t i o n . This c o n ­

dit ion is specif ied by the e x p r e s s i o n | A p . / p . | < & . The c a l c u l a t i o n 

is t e r m i n a t e d when the condi t ion is s i m u l t a n e o u s l y s a t i s f i ed for a l l of 

the p a r a m e t e r s , that i s , when the r e l a t i v e change b e c o m e s l e s s than 

some specif ied n u m b e r . 
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OPTIONS 

Seventeen options must be exercised in order to specify 

the details of each calculation. These are referred to as INPUT 

OPTIONS. Thirteen of the decisions are indicated by numbers punched 

on a control card; the remaining four are indicated by the positions of 

four sense switches on the computer. Many of the constants a re of a 

purely procedural nature and will be mentioned only briefly. 

(1) The first constant indicates where the experimental 

data are to be found and the form in which they are tabulated. Original 

input data are always on magnetic tape. 

(2) The tables of shape factors , which are always needed, 
1 

are taken from the compilation by Rose et al . 

(3) The use r has the option of using the statistical 

weights (option 1) or not (option 0). 

(4) The program will accommodate up to 400 data points. 

The leas t -squares fit can be made to any desired region of the spectrum. 

As nnany as nineteen groups of adjacent points can be by-passed and ex­

cluded from the calculation. 

(5) If the data have already been partly analyzed and one 

or more of the components have already been determined with certainty, 

these components can be subtracted from the data before proceeding to 

the leas t - squares fit. Up to thirteen such components can be subtracted. 

(6) The iterated leas t -squares procedure requires one to 

have some knowledge of the composition of the spectrum, or at least to 

be able to make an educated guess . A positive value of this control con­

stant indicates the number of coinponents that are expected to be present 

in the region of the spectrum that is being fitted. If the choice -1 is used. 

1 
M, E , Rose, C, L. P e r r y , and N, M. Dismuke, Tables for the 

Analysis of Allowed and Forbidden Beta Transit ions, Oak Ridge National 
Laboratory Report ORNL-1459. 
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the final va lues of the p a r a m e t e r s that w e r e c a l c u l a t e d in t he p r e v i o u s 

fit wi l l be used as input e s t i m a t e s . This f r e e d o m m a k e s it p o s s i b l e to 

invoke a wide v a r i e t y of ana ly t i ca l a p p r o a c h e s to t he s a m e d a t a . 

(7) Any of the p a r a m e t e r s can be held fixed at t h e i r i n ­

put va lues and then r e l e a s e d dur ing s u c c e s s i v e fits a f te r the c o m p u t e r 

has i m p r o v e d the values of those that a r e a l lowed to v a r y . 

(8) In many c a s e s the d i f f e rence in e n e r g y be tween two 

end points will be known exac t ly from sc in t i l l a t ion e x p e r i m e n t s , 

m e a s u r e m e n t s on i n t e r n a l - c o n v e r s i o n e l e c t r o n s , o r Cou lomb e x c i t a t i o n . 

This knowledge can be i n c o r p o r a t e d into the c a l c u l a t i o n in the fo rm of 

a " r e l a t e d end -po in t " s y s t e m . Both end points will be a l lowed to v a r y 

s imu l t aneous ly ; but the d i f fe rence in e n e r g y will r e m a i n f ixed . Up to 

six such s y s t e m s of r e l a t e d end points can be inc luded in the c a l c u l a ­

tion with as many as e leven end poin ts being combined into a s ing le 

sy s t em , 

(9) The value of x^ , which is used as a m e a s u r e of the 

goodness of the fit , is computed only for the da ta poin ts that w e r e not 

b y - p a s s e d . It is a l so poss ib le to pa r t i t i on the s p e c t r u m in to g r o u p s of 

da ta points and compute the p a r t i a l x^ for each g r o u p . This d e v i c e 

can s o m e t i m e s give a clue as to why and w h e r e the fit is not good . 

(10) The tenth con t ro l cons tan t l i m i t s the n u m b e r of 

t i m e s (* 100) the c o m p u t e r wil l t r y to m a k e the fi t . The u p p e r l imi t 

on the number of i t e r a t i o n s is speci f ied and if the c a l c u l a t i o n does not 

conve rge in that m a n y i t e r a t i o n s , the mach ine wi l l s top and awai t f u r ­

t h e r i n s t r u c t i o n s . If the s e r i e s of c a l cu l a t i ons does c o n v e r g e , the r e ­

su l t s a r e p r in t ed out a u t o m a t i c a l l y and the next c o n t r o l c a r d is r e a d 

without i n t e r r u p t i o n , 

(11) T h e r e a r e two ways of ca l cu l a t ing the e r r o r s p r o p a ­

gated through a s u b t r a c t i o n . One of t h e s e u t i l i z e s the of f -d iagona l 

e l e m e n t s of the i n v e r s e m a t r i x that is c a l c u l a t e d dur ing the l e a s t - s q u a r e s 

fit . T h e s e off-diagonal t e r m s r e l a t e to t he c o r r e l a t i o n be tween the 
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p a r a m e t e r s . The simpler formula uses only the diagonal elements 

which can be computed without the matr ix . Either formula can be 

invoked if the subtraction is to be carr ied out after a fit has been 

made, since the matr ix is still present in the machine. However, in 

the case of pre-subtract ion, there is no choice; only the diagonal e le­

ments can be used. 

(12) This constant specifies whether or not the com­

ponents that were calculated should be subtracted before the next fit 

is commenced. If they are subtracted, the propagated e r r o r is ca l ­

culated according to the formula that was selected by the previous 

control constant, and the residual spectrum is written into the memory 

unit in place of the original data. 

(13) The last control constant indicates how much of the 

information that was calculated should be printed on the output tape 

that is used on the off-line pr in ter . 

SENSE SWITCHES 

(1) Sense switch 1 is used to frustrate the iterative p ro­

cedure . It accomplishes this by automatically setting all of the com­

puted parameter changes to zero . 

(2) Sense switch 2 is used when the machine fails to 

converge. If the number of iterations reaches the limit and the machine 

stops, a second attempt to reach convergence on the same set of input 

information can be instituted by pressing the start button. If it is 

decided to abandon that part icular calculation, sense switch 2 is put 

down and the s tar t switch is then pressed . This causes the computer 

to advance to the next control card and continue in the ser ies of p ro ­

grammed calculations. 

(3) Sense switch 3 permits on-line printing of a very 

limited amount of information. With sense switch 3 down, the interim 

values of the paramete rs are printed on-line after each interation. 
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(4) Sense switch 4 provides a limited control over the 

mechanism of the least-squares fit itself. Each iteration results in a 

calculated group of correction terms that are added to each of the va r i ­

able parameters before the next matrix is set up. If the amount by 

which each of the parameters is allowed to step is reduced, the rate 

at which the series converges is reduced. However, this reduction 

also has the effect of damping oscillations that may result when any 

of the corrections are too large. 

A complete report on this program is being prepared 

as Argonne National Laboratory topical report ANL-6704. 

1-80-32 Molecular-Beam Studies (51210-01) 

William Childs, John Dalman, and Leonard Goodman 
Reported by William Childs 

Since the last report, a great deal of effort has gone into 

further work on radioactive C r S l . The principal sources of trouble 

have been the difficulty of producing, day after day, a steady atomic 

beam of chromium, and the poor signal-to-noise ratios observed ex­

cept under ideal conditions. Although the AF = ±1 transitions have not 

been observed directly, study of the AF = 0 transitions leads to the r e ­

sult 

| a ( C r 5 i ) | = 81. 2± 0. 2 Mc/sec 

for the magnetic-dipole hyperfine-interaction constant. 

A greatly improved electron-bombardment universal 

detector has been installed in the Mark II atomic-beam machine. The 

counting circuitry, although somewhat refined, is basically the same as 

that described previously. ' Perhaps the most important improvement 
T ' 

..TT ^ / f r r r ^^"""^^^ Laboratory Physics Division Summary Report 
ANL-6612 (September-October 1962), p. 3. 
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in the detector itself is the provision for maintaining the ion box of the 

detector at liquid nitrogen temperature . This greatly reduces the 

number of background ions not associated with the beam. Other im­

portant innprovements are greatly increased mass resolution, in­

creased efficiency both for extraction of the ions from the ionization 

region and in guiding them to the electron multiplier detector, and a 

threefold increase in the nnaximum ion counting rate which can be 

handled (now 4X 10'̂  ions /sec) . 

The Mark II machine, together with its new universal 

detector, has been successfully used for a complete investigation of 

the hfs of CrS3 in its '̂ 'S atomic ground state. The resul t for the 
3 ° 

nnagne tic-dipole hyperfine-interaction constant a is 

|a(CrS3)| = 82.5985 ± 0.0015 Mc/sec . 
The electric-quadrupole hyperfine-interaction constant b is found to 

be consistent with 0, the value expected for a pure '^S^ atomic state, 

to within the accuracy of the experiment. A paper describing the ex­

periment and its results has been written and will be submitted to the 

Physical Review. 

Since the nuclear g factor for Cr^s is known, the g 

factor for C r ^ l can be estimated from the Fe rmi -Segr I proportionality. 

Thus we have 

| g j ( C r 5 i ) | ^ r ' a(Cr53 ) 

From this and the known nuclear spin I of C r ^ i , we have 

I (1 (Cr5 1 ) | = 1.09 ± 0.01 nm. 

where the uncertainty results pr imar i ly from the possibility of a hyper-

fine anomaly between the two isotopes C r ^ l and Cr^a . 
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From the numbers given above, the magnetic field H 

which the electronic configuration produces at the chromium nucleus 

is calculated to be 

H (CrSl, S3 ) = 1.03 X lOe G 

with an uncertainty of about 1%, 

A beam of unenriched iron atoms was next produced in 

an effort to study the hfs of the free Fe^''' atom. Many resonances 

have been observed at several values of the magnetic field. The ob­

served resonances are only about 1/300 as intense as the F e ^ s ground-

state resonance. Although this is just the intensity expected for the 

FeS'^ transitions, the frequencies of most of the observed resonances 

do not fall at the values expected for Fe^"^, Further investigation has 

shown that they are probably due to Fe^s atoms in metastable atomic 

states lying 7000 cm"! or more above the ^D ground state. The factor 

of 300 checks well with the relative populations of the Fe^s states ex­

pected from the Boltzmann distribution in the oven. 

Since the electronic g factors of these levels are of 

interest theoretically, precise g factors will be obtained for those 

states that can readily be seen. It is of interest to note that the unusually 

great sensitivity of the Mark II detection system permits careful examina­

tion of a great number of such metastable states throughout the periodic 

table. 

At least one of the resonances observed in iron does not 

appear to be Fe^ e ^ ; instead it occurs at the frequency expected for 

Fe57 . It is therefore believed that we are observing Fe^T and efforts 

are being made to measure the hfs of Fe^T . 

Since the last report, a paper entitled "Nuclear Spin and 

Magnetic Hyperfine Interaction of 12-Day Ge'^l , " by W. J. Childs and 

L. S. Goodman, has been accepted for publication in the Physical Review. 
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1-98-31 Unbound Nuclear Levels in the KeV Region (51210-01) 

Carl T. Hibdon 

METHODS OF MEASUREMENT 

In the studies of unbound nuclear levels in the keV region of 

neutron energies , many snnall peaks have been observed. Recently, some 

of these peaks have been restudied. The schematic arrangement of the neu­

tron counters is shown in Fig. 7. For both flat- and self-detection measure -
1 

nnents, neutron counter No. 1 was used in its usual position to count neutrons 

emitted at an angle of 120 with respect to the direction of the proton beam. 

The data are normalized 

to the counts recorded 

by counter No. 3, which 

also counts neutrons 

emitted at an angle of 

120 with respect to the 

direction of the proton 

beam. To obtain a third 

type of data, counter No, 

2 is used in conjunction 

with No, 1. The result 

obtained by this means 
2 

is a ratio of the neu­

trons scat tered by detec-

tor sample B and reg i s ­

tered by counter No, 1 

to the neutrons scat tered 

by detector sample C and 

regis tered by counter No. 

_SO0IUH METABOA.TE 

Fig, 7. Schematic arrangement of the neu­
tron counters, lithium target, and long counter 
as used for measurements at 120 with r e ­
spect to the direction of the proton beam. 

"^C, T. Hibdon, Nucl, Instr . and Methods jT?, 177 (1962), Fig, 1, 
^ The ratio method was suggested by A, S, Langsdorf, J r , 
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2, This r a t i o is c o m p u t e d only when the t r a n s m i s s i o n s a m p l e A is out of 

the b e a m and a s e l f - d e t e c t i o n d e t e c t o r s a m p l e is u s e d for s a m p l e B . The 

r a t i o is expec ted to v a r y as the c r o s s s e c t i o n v a r i e s and to show peaks 

w h e r e they occu r in the c r o s s s e c t i o n . The a d v a n t a g e of th i s r a t i o is tha t 

it is self mon i to r ing with r e s p e c t to changes in i n t e n s i t y . The b a c k g r o u n d 

of coun te r No. 1 is obta ined by r emov ing d e t e c t o r s a m p l e B . The b a c k ­

ground of coun te r No . 2 can be obta ined by r e p l a c i n g d e t e c t o r s a m p l e B 

by a block of luci te or g r a p h i t e 6 in, long. S a m p l e s C and D a r e b locks of 

g raph i te 6 in, long, 

ALUMINUM 

The appl ica t ion of the r a t i o me thod is we l l i l l u s t r a t e d in the 

c a s e of a l u m i n u m . S e v e r a l y e a r s ago , the level s t r u c t u r e of a l u m i n u m in 

the keV reg ion of neu t ron e n e r g i e s was s tudied by f l a t - d e t e c t i o n m e a s u r e -
3 

ment s but not by s e l f - d e t e c t i o n . Recen t ly , the reg ion f rom 85 to 95 keV 

(peaks Nos , 4, 5, and 6 in F i g , 2 of r e f e r e n c e 2) has been r e i n v e s t i g a t e d 

by f l a t -de tec t ion and by s e l f -de t ec t i on m e a s u r e m e n t s and a l s o by the r a t io 

method , A l i thium t a r g e t having a s topping p o w e r of 0 ,75 keV ( d e t e r m i n e d 

f rom the t h r e sho ld cu rve ) was u s e d , A 7 6 0 - m i l a l u m i n u m s a m p l e s e r v e d 

as the d e t e c t o r s ample B in coun te r No, 1 shown in F i g , 7, The c r o s s 

sec t ions and r a t io s obtained a r e shown in F i g . 8, in which the u n b r o k e n 

cu rve ind ica tes the t r e n d of the da ta ob ta ined by f la t d e t e c t i o n and the 

b r o k e n c u r v e the t r e n d of the r a t i o s . One s e e s that the da t a ob ta ined by 

flat de tec t ion , s e l f -de tec t ion , and the r a t i o s a l l show a p a t t e r n of p e a k s 

s i m i l a r to the p a t t e r n (peaks N o s , 4 - 6 in F i g , 2 of Ref. 2) ob ta ined b e -
3 

fore by flat de t ec t ion . One notes tha t a h u m p o c c u r s in a l l the da t a on 

the h i g h - e n e r g y s ide of the g roup of r e s o n a n c e s . This a p p e a r s to be suf­

f i c ien t ly p ronounced to ind ica te the p r e s e n c e of a peak n e a r 90 keV, The 

change in the peaks when the t h i c k n e s s of the l i t h ium t a r g e t was i n c r e a s e d 3 
C, T . Hibdon, P h y s . Rev , 114, 179 (1959). 
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from 0. 75 to 1. 10 keV is shown by the data in Fig. 9. These data, which 

cover the region from 70 to 94 keV, were obtained with a lithium target 

having a stopping power of 1. 1 keV (determined from the threshold curve). 

Fig . 8. Neutron cross sections and 
ratios of aluminum. These data 
for neutron energies from 85 to 
93 keV were obtained with a lith-
iunn target having a stopping 
power of 0. 75 keV. Open circles 
show data obtained by flat detec­
tion, solid c i rc les data by self-
detection. Data shown by crosses 
are the ratios obtained as described 
in the text. The unbroken curve 
indicates the trend of the data ob­
tained by flat detection and the 
broken curve the trend of the ra t ios . 
A 750-mil self-detection detector 
sample was used to obtain the self-
detection data and the ra t ios . 

E„(keV) 

Fig. 9. Neutron cross sections and 
ratios of aluminum in the region 
from 72 to 92 keV. These data 
were obtained by a lithium target 
with a stopping power of 1. 1 keV. 
Open circ les indicate data ob­
tained by flat detection; solid 
c i rc les data by self-detection. 
Data shown by crosses a re the 
ratios obtained by use of a 750-
mil aluminum detector sample. 
The unbroken curve indicates the 
trend of the flat-detection data and 
the broken curve the trend of the 
ra t ios , 
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THE 131-KEV RESONANCE OF Fe^s 

In order to obtain an estimate of the neutron energy spread, 

the very narrow 131-keV s-wave resonance of Fe^e was studied in detail. 

The results obtained by flat-detection and self-detection measurements 

are shown in Fig. 10. The ratios obtained by a 500- and a 250-mil detector 

sample (B in Fig. 7) are included also in Fig. 10. These data were ob­

tained with a lithium target which had a stopping power of 0. 95 keV (deter­

mined from the threshold curve) and have been corrected for the isotopic 

abundance and for the neutron background due to the scattering of neutrons 
1 

by the tantalum backing of the neutron target. The observed width of this 

resonance, the half-width of the peak in the flat-detection data, is about 

0. 70 keV. It is taken to be approximately the effective over-al l neutron 

energy spread. 

Fig. 10. Neutron cross sections and 
ratios of iron from 127. 5 to 134, 5 
keV, These data were obtained with 
a lithium target of 0. 95-keV stopping 
power. Open circles indicate data 
obtained by flat detection, solid 
circles data by self-detection. 
Crosses show ratios obtained with 
a 500-mil iron detector sample and 
triangles the ratios obtained with a 
250-mil sample. Curves C and D 
show the trends of the rat ios. The 
parameters and neutron energy 
spread obtained by the method of 
analysis given by Monahan and 
Hibdon were used to compute the 
cross section over the region of the 
resonance. The results for flat de­
tection are shown by curve A and for 
self-detection by curve B. 

C. T. Hibdon and J. E, Monahan, Physics Division Summary R eport 
ANL-6432 (September-October 1961), p, 4. 
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The r e s o n a n c e has a l s o been a n a l y z e d by the me thod d e -
4 

v e l o p e d by M o n a h a n and Hibdon, T h i s a n a l y s i s y ie lds a width r = 375 

± 10 eV, a r e s o n a n c e e n e r g y E = 1 3 1 . 5 keV, and a n e u t r o n e n e r g y 

s p r e a d A E ^ = 0. 65 ± 0. 20 keV. This va lue of the width is to be c o m ­

p a r e d with the va lue T = 400 eV which o t h e r e x p e r i m e n t e r s ob ta ined 

by an a r e a a n a l y s i s . 
A va lue of AE of about 0. 70 keV d i s a g r e e s wi th t h e va lue n ° 

of 1.6 keV e x p e c t e d when the a p e r t u r e of the c o l l i m a t o r of the n e u t r o n 

c o u n t e r s u b t e n d s an ang l e of about 1 a t the n e u t r o n s o u r c e . F u r t h e r 

w o r k is needed to find out w h e t h e r the r e d u c t i o n in the e n e r g y s p r e a d r e ­

s u l t s f r o m a s l igh t m i s a l i g n m e n t of the count ing equ ipmen t or f rom some 

o t h e r c a u s e . 

Th i s a n a l y s i s a l s o gave a peak he igh t ir = 17.6 ± 1 . 6 
m a x 

b a r n s , c o m p a r e d wi th a s i n g l e - l e v e l t h e o r e t i c a l he igh t of 20 .5 b a r n s . 

The a n a l y s i s is b e s e t by the fact tha t the o c c u r r e n c e of m a n y s - w a v e 

l e v e l s in Fe^® l eads to s t r o n g m u t u a l i n t e r f e r e n c e . C o n s e q u e n t l y the 

s h a p e of the 131-keV r e s o n a n c e is h ighly d i s t o r t e d . This d i s t o r t i o n was 

t a k e n into accoun t a p p r o x i m a t e l y by inc luding the a v e r a g e c o n t r i b u t i o n 

of the r e s o n a n c e s in the h a r d - s p h e r e p h a s e shif t . The a v e r a g e va lue of 

the R funct ion was c a l c u l a t e d f rom the known wid ths and e n e r g i e s of t h e s e 

l e v e l s and the " c o r r e c t e d " p h a s e angle 4>'=<t) - t a n " i [ R ' ' P / ( l - R ' ' s ) ] . 

Th i s c o r r e c t i o n , a l though sonnewhat c r u d e , is be l i eved to be a d e q u a t e 

over the s m a l l e n e r g y i n t e r v a l f rom 130.5 to 134.5 k e V . A m u l t i p l e -
6 

l e v e l a n a l y s i s was a t t e m p t e d s e v e r a l y e a r s ago but the effects of n e u t r o n 

e n e r g y s p r e a d w e r e not i nc luded . Th i s a n a l y s i s y ie lded the va lue r = 5 0 0 eV. 5 

C . D . B o w m a n , E . G, B i lpuch , and H . W. Newson , Ann , P h y s , 
(New York) £ 7 , 3 1 9 ( 1 9 6 2 ) , 

C , T , Hibdon , P h y s , R e v . 108, 4 1 4 ( 1 9 5 7 ) . 
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1-131-1 A V a r i e t y of P e r c e p t r o n for Recogn i t ion of N u c l e a r E v e n t s 
(51210-01) 

J . A. G r e g o r y (AMD) and G. R. Ringo 

I , INTRODUCTION 

The m e c h a n i z a t i o n of the p r o c e d u r e for ident ifying 

i n t e r e s t i n g events is a p r o b l e m of i n c r e a s i n g i m p o r t a n c e in n u c l e a r 

and p a r t i c l e p h y s i c s . It is p a r t i c u l a r l y c r i t i c a l in w o r k wi th e m u l ­

s i o n s , for e x a m p l e , in which it is d e s i r a b l e to scan l a r g e v o l u m e s 

of m a t e r i a l with m i c r o s c o p e s which m a y show 10"S cc or l e s s in a 

s ingle v iew. The p r o b l e m is not new, of c o u r s e , and h a s been a t ­

tacked in many different w a y s . Indeed even a s i m p l e c o u n t e r a r r a y 

with c o i n c i d e n c e - a n t i c o i n c i d e n c e r e q u i r e nnents can b e c o n s i d e r e d a s 

a p a t t e r n d i s c r i m i n a t o r and a g r e a t deal of ingenui ty has been and is 

being devoted to devis ing efficient s p e c i a l - p u r p o s e s e l e c t i o n s c h e m e s . 

It s e e m s r e a s o n a b l e to p r e d i c t tha t in the n e a r fu tu re , at l e a s t , spec i f ic 

s c h e m e s r a t i ona l ly des igned to s e l e c t wanted even t s wil l be the e f f ic ­

ient and p r a c t i c a l way to do t h i s . H o w e v e r , as the even t s being s e l e c t e d 

grow m o r e c o m p l e x and the c o s t of l a r g e - s c a l e da ta p r o c e s s i n g c o n ­

t inues to d r o p , the p o s s i b i l i t y of dev is ing a g e n e r a l - p u r p o s e m a c h i n e 

for r ecogn i t ion of di f ferent c l a s s e s of n u c l e a r even t s and s i m i l a r 

phenomena b e c o m e s m o r e a t t r a c t i v e . 

S e v e r a l s c h e m e s have been sugges t ed t o do g e n e r a l p a t ­

t e r n r ecogn i t ion . With no p r e t e n s e at c o m p l e t e n e s s , we would l ike to 
1 ; 

ment ion h e r e the work of F a r l e y and C l a r k , R o s e n b l a t t and his g r o u p . 
2 - 4 

1 
W. A. C l a r k and B . G. F a r l e y , I . R . E . , T r a n s . P r o f e s s iona l G r o u p 

on In format ion Theo ry 4 , 76 (1954). 
2 ~ 

F . Rosenb l a t t , P r i n c i p l e s of N e u r o d y n a m i c s : P e r c e p t r o n s and the 
Theory of B r a i n M e c h a n i s m s (Spar tan B o o k s . Wash ing ton , D , C , , 1961), 

3 
H, D . Block , Revs, M o d e r n P h y s . 34, 1 2 3 ( 1 9 6 2 ) . 

4 
H. D . Block, B . W. Knight , J r . , and F . R o s e n b l a t t , R e v s . M o d e r n 

P h y s . 134, 135 (1962). 
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Uhr and Vossler , Bormer , and Gamba and his group. (The l i terature 
8 

in this field is widely scat tered. It is almost a tradition to describe each 

new scheme in a different journal . ) Since the scheme to be described 

here is rather closely related to the Perceptron of F . Rosenblatt, we will 

first give a brief description of a simplified type of Perceptron. One of 

these is roughly sketched in Fig .11. Random connections a re made from 

sensory units to associator units and from associator units to response 

units . Signals flow only in the directions shown. The sensory units might 

be, for example, a square a r r ay of photocells focused on a picture or a 

linear a r r ay of filters giving the frequency spectra of an acoustic signal, 

e tc . The sensory units put out a 

binary signal; if an associator unit 

receives enough signals from the 

sensory units to exceed some th r e s ­

hold, it " f i res" (puts out a signal to 

the response units to which it is con­

nected). The response units behave 

in a corresponding fashion. 

The device has two 

modes: a learning mode and an 

operating mode. Assume for con-

creteness that it is to be taught to 

SENSORY 
UNITS 

ASSOCIATOR RESPONSE 
UNITS UNITS 

Fig . 11. A rough sketch of a 
simple Perceptron. 

L. Uhr and C. Vossler , Proceedings of the Western Joint Computer 
Conference, 1961, p. 550. 

R. E. Bormer , IBM Jour. Res . and Dev. 6_, 353 (1962). 
7 

A. Gamba, G. Pa lmier i , and R. Sanna, Nuovo Cimento Suppl. 23, 
280 ( 1 9 6 2 ) . 

For a good bibliography see Section 5 of "Current Research and 
Development in Scientific Documentation," No. 11, November, 1962, 
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d i s t i n g u i s h the p r in t ed n u m b e r s 0, 1, 2. One r e s p o n s e unit would be 

s e l e c t e d in advance and at r andom a s the 0 uni t , R Q ; a n o t h e r a s the 1 

uni t , R ; e t c . In the l e a r n i n g m o d e , a 0 is shown to the s e n s o r y uni t s 

and a l l a s s o c i a t o r uni ts tha t send s igna l s to RQ have t h e i r s i g n a l s 

s t r e n g t h e n e d and a l l tha t sent s igna l s to o t h e r r e s p o n s e uni t s a r e 

w e a k e n e d . (Other ways of modifying the n e t w o r k , such a s r a i s i n g 

the t h r e s h o l d for unfavorab le a s s o c i a t o r u n i t s , e t c . , a r e p o s s i b l e , 

of c o u r s e , and s e v e r a l have been found to give i n t e r e s t i n g r e s u l t s . ) 

Then a 1 is shown to the s e n s o r y uni ts and c o r r e s p o n d i n g c h a n g e s a r e 

m a d e . After the o t h e r n u m b e r s have been t r e a t e d in the s a m e fash ion , 

0 is shown again and the a s s o c i a t o r s ad jus t ed . Then 1 is shown, and 

so on for s e v e r a l r e p e t i t i o n s of the se t of n u m b e r s . 

Now the ope ra t i ng m o d e can be t r i e d . In th i s mode a 

number is shown to the s e n s o r y uni ts ; and the c o r r e s p o n d i n g r e s p o n s e 

uni t , and only it , should give a s igna l (or a t l e a s t it should have the 

l a r g e s t input of any r e s p o n s e un i t ) . 

P e r c e p t r o n s s inni lar to the one d e s c r i b e d have b e e n qui te 

success fu l in identifying p a t t e r n s that a r e iden t i ca l to the p a t t e r n s used 

in the l ea rn ing m o d e . This has been done wi th m a c h i n e s having only a 

few hundred a s s o c i a t o r uni ts at m o s t and with p a t t e r n s of qui te v a r i e d 

c h a r a c t e r ^ ~ even with some noise a d d e d . T h e r e i s , h o w e v e r , g r e a t in ­

t e r e s t in the fu r the r and obvious ly m o r e difficult s t a g e of r e c o g n i z i n g 

p a t t e r n s that a r e not ident ica l to any p a t t e r n s u s e d in l e a r n i n g but belong 

to the s a m e c l a s s in some sense d i s c e r n i b l e to an o b s e r v e r . While the 

P e r c e p t r o n has had some s u c c e s s on th is " g e n e r a l i z a t i o n " p r o b l e m , it 

has not so lved i t , 

II. DESCRIPTION OF METHOD 

The p r e s e n t s tudy was u n d e r t a k e n in t he hope of c o n t r i b u t ­

ing to the solut ion of th i s l a s t p r o b l e m . The p r o p o s e d p a t t e r n - r e c o g n i t i o n 

d e v i c e , which was s i m u l a t e d on a g e n e r a l - p u r p o s e c o m p u t e r , would be 
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very similar to the one shown in Fig, 11, However, in the learning mode, 

representat ive patterns of the class to be recognized would be shown to the 

sensory units, then representat ive patterns of the class to be discriminated 

against would follow. Response units would not be picked in advance; 

ra ther their responses to these two classes would be examined. Those 

response units that t i red frequently for the first class and infrequently 

for the second class would be saved. Call them R units . Those that 
W 

did the reverse would also be saved. Call them R units. In the oper­

ating mode a test pattern would be classified on the basis of whether a 
la rger fraction of the R,,, or R,, units fired, 

W U 

The Perceptron is based on current theories of the opera­

tion of the brain; in effect it takes a complicated random network and 

modifies it to force it to give a desired response at certain preselected 

points. The thought behind the present variant is that perhaps the brain 

recognizes a pattern by finding certain points in a very large random 

network at which discrimination already occurs . The network leading 

up to these points would then be frozen and connections to higher a s so ­

ciation centers would be established. 

Thus in the brain a few neurons out of the millions avai l ­

able at some appropriate layer at any given t ime would be selected. In 

the recognition method studied here, this is simulated by trying many 

response units ser ial ly . However, it should probably be said explicitly 

that in this work the interest is almost exclusively in finding a useful 

method of pattern recognition. No serious connection with neurophysi­

ology is intended or claimed. 

The device sinnulated in this work had 80 sensory units in 

an 8 X 10 a r r a y . Each of these had a 50% chance to be connected to ex-

citory or inhibitory inputs of each of 400 associator units . (Connection 

to both excitory and inhibitory inputs was equivalent to no connection to 

e i ther . ) If the sum of the excitory inputs exceeded the inhibitory, the a s ­

sociator unit produced an output of unit strength. The outputs of the 
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associator units in turn were connected randomly to the excitory and in­

hibitory inputs of the response units which responded as did the associator 

units. In the computer program the excitory signal to an associator unit, 

for example, was found by counting the number of I's in the logical p ro ­

duct of the 80-bit word representing the pattern under study and a random 

80-bit word representing the excitory connections of the associator unit. 

This was compared with the number of I's in the logical product of the 

same 80-bit word representing the pattern and a different random 80-bit 

word representing the inhibitory connections of the associator unit. If 

the number of I's in the first product was greater than in the second, the 

associator unit was considered to send a signal to the next level — other­

wise not. Fig. 12 gives a rough indication of a small portion of the equi­

valent network. 

S H 
-{i3= 

-B= 
-B; 
-H= 
-Or 

Fig. 12. A greatly simplified diagram 
of the network sinnulated in this 
study. The + and - signs refer 
to the excitory and inhibitory in­
puts, respectively. 

SENSORr U N I T S '0 H H a H 

III. RESULTS 

As a test problem selected to be of obvious interest in iden­

tification of nuclear events, Y's were to be distinguished from X's and 

straight lines. A few samples ol the patterns used in the learning and 

test (operating) modes are shown in Fig, 13. As can be seen, the 8 X 1 0 

a r ray is so coarse that the patterns have deteriorated in quality consider­

ably. This process was aggravated by the addition of some straight lines 

and noise as background in the Y patterns as well as in the X and straight-

line pat terns. The patterns were categorized on the basis of what they 
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LEARNING PATTERNS 

Y X 

TEST PATTERNS 
Y 

RIGHT WRONG 
X 

RIGHT WRONG 

Fig. 13, Representative patterns of the categories indicated. These 144 
patterns are digitized on an 8 X 10-unit mosaic from hand printed X's 
and Y's of random position, s ize, orientation (± 30°) and opening angle 
(30° 120°), The X patterns include some that had no X's,only straight 
l ines . 

were in the original hand-drawn figures. "Right" means, of course, test 

patterns that were correct ly identified by the program in the operating 

mode and "wrong" designates patterns incorrectly identified. Two sets 

were run with the parameters and results shown in Table II. (The cate­

gories of Fig . 13 apply to the second, larger test . ) When an independent 

observer (unfamiliar with the selections made by the program) categorized 

the test pat terns and discarded the ambiguous ones on the basis of their 

digitized appearance as in Fig. 13, the ratio of correc t to incorrect choices 

by the program rose to 2. 4 ± 0. 4. 

The resul ts of a typical run in the learning mode of the 

la rger test a re shown in Table III. In this test a response unit was se l ­

ected if 
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T A B L E II. R e s u l t s of two t e s t s of r e c o g n i t i o n of 
p a t t e r n s d i f fe ren t f rom the ones u s e d in l e a r n i n g . 

Tes t 1 T e s t 2 

No. of p a t t e r n s of each kind 
used in l ea rn ing 

No . of r e s p o n s e uni ts t r i e d 

No. of r e s p o n s e uni ts u sed 
in ope ra t i ng mode 

No. of p a t t e r n s of each kind 
u s e d in t e s t 

Ra t io of n u m b e r of r e s p o n s e 
uni ts r esponding c o r r e c t l y to 
t hose r e spond ing i n c o r r e c t l y 
( total for al l t e s t p a t t e r n s ) 

Rat io of c o r r e c t l y ident i f ied 
t e s t p a t t e r n s to wrongly i d e n ­
tif ied ones 

1001 
906 

50 

3500 

70 

45 

= 1, 11 ± 0 ,05 

100 

20 000 

220 

80 

6966 
6210 • 

1,3 ± 0, 3 

1, 13 ± 0 , 0 2 

1,8 ± 0 , 3 

TABLE III, R e s u l t s of a t yp ica l l e a r n i n g run c o n -
cons i s t i ng of 100 p a t t e r n s . The s c o r e is the n u m b e r of 
p a t t e r n s that c a u s e d the r e s p o n s e unit to f i r e . 

R e s p o n s e 
unit 

1 

2 

3 

4 

5 

6 

7 

8 

S c o r e for Y 
p a t t e r n s 

20 

5 4 

6 

6 

4 2 

36 

4 4 

7 2 

Sc ore for X 
p a t t e r n s 

26 

56 

4 

13 

6 3 

39 

4 3 

76 

R e s p o n s e 
unit 

9 

10 

11 

12 

13 

14 

15 

16 

S 

Y 

::ore 
pat t 

6 

9 4 

71 

19 

1 

97 

4 

9 8 

f o r 

s rns 
S 

X 

c o r e for 
p a t t e r n s 

6 

9 2 

77 

22 

5 

9 1 

4 

8 8 
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T A B L E III (con t 'd ) 

R e s p o n s e 

uni t 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

S c o r e for 

Y p a t t e r n s 

92 

8 

10 

90 

70 

67 

22 

50 

5 

52 

37 

88 

15 

53 

35 

13 

62 

S c o r e 
X pa t t 

92 

17 

10 

84 

56 

61 

25 

41 

11 

65 

40 

77 

12 

61 

30 

15 

59 

for 
2rns 

R e s p o n s e 
unit 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46"" 

47 

48 

49 

50 

S c o r e for 
Y p a t t e r n s 

68 

85 

72 

92 

30 

99 

14 

26 

10 

42 

100 

93 

42 

53 

9 

59 

70 

S c o r e for 
X p a t t e r n s 

66 

80 

75 

89 

40 

96 

15 

26 

25 

50 

96 

74 

20 

54 

16 

48 

70 

S e l e c t e d as an R un i t . 

IN^-N^I 3 / 2 

^ y N ^ + N ^ * ^' 

where N is the number of X patterns causing the unit to fire and N is 

the number of Y patterns doing the same. This cr i ter ion depends 

mainly on the stat ist ical significance of the difference between N and 
X 

3 

N ; the — power gives some bias in favor of larger numbers a-s such. 
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on the grounds that of two units of equal reliability the one responding 

to the larger percentage of the patterns is apt to be more useful. As 

can be seen in Table II, this cri terion selected about one response unit 

out of 100 random ones generated by the program. 

Each pattern used in the test mode differed from every 

pattern used in the learning mode by at least 10 bits of the 80 which 

constituted the pattern as seen by the computer. 

While the results are clearly of statistical significance, 

they are hardly at a useful level of reliability. However, it is interesting 

to note that the recognition method itself succeeded in discriminating the 

two classes of test patterns approximately as well as human observers 

when the later worked with the patterns as shown in Fig. 13 and the ad­

ditional information that one set was supposed to be Y 's . It seems quite 

likely that the reliability would have been considerably higher if the 

learning as well as the test patterns had been hand picked for clarity 

after being digitized. 

IV. IMPROVEMENTS 

1. Higher Resolution in the Patterns 

An obvious but somewhat expensive innprovement in this 

recognition technique would be to use a larger sensory a r ray at least 

16 X 20 lines in area . This would not seriously increase the time of 

the learning program but it would directly affect the size and cost of any 

device built to use this recognition technique. It seems worthwhile, 

therefore, to consider other possibilities for improving reliability. 

2. Greater Speed 

Since this program required roughly 10 sec to test a 

pattern, a radical improvement in speed is obviously needed. Fortun­

ately, this would be relatively easy to do with available components. A 
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full-sized version of the network of Fig . 12, built with analog summa­

tion c i rcui t s , would have a response time of about lO-s sec . A device 

suitable for use in the learning mode would require more complicated 

ways of making the random connections to the response units (and r e ­

cording the useful ones) but a similar time scale for the response to an 

individual pattern does not seem unreasonable. The simple use of the 

radically grea ter speed to select response units from a much larger 

field would almost certainly produce great improvements in reliabili ty. 

3. Variation of Associator Units 

It seems quite reasonable that some associator units will 

be much more efficient than others in producing useful networks for a 

given class of pa t te rns . In fact the PAPPA machine No. 2 built by 

7 

Gamba and his co-workers was in its essentials equivalent to the p r e ­

sent scheme; the learning process described ear l ier was applied to the 

associator units and the selected associator units were connected to­

gether to one response unit. It was a fairly successful device and sug­

gests the value of selecting associator units. With a radically faster 

method, as mentioned above, it would be practical to test say 100 000 

sets of associator units, testing 10 000 response units in each and 

finally selecting the set of associator units that led to the most useful 

response units. It is even plausible that a set of associator units so 

selected will have more than average usefulness for different c lasses 

of patterns s imilar to c lasses which were used in selecting that se t . 

For example, if handwritten A's , B ' s , and C s are used in selecting the 

set of associator units, this set may well be useful on the rest of the 

alphabet. 

There i s , of course, no reason that all connections in 

this method have to be made in a random fashion. It would be quite 

possible and perhaps useful to construct associator units on a rational 
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b a s i s d e t e r m i n e d by the g e n e r a l c h a r a c t e r of the p a t t e r n s tha t a r e of 

i n t e r e s t . T h e s e a s s o c i a t o r uni ts in t u r n migh t be c o m b i n e d wi th r a n ­

dom a s s o c i a t o r u n i t s ; but in any c a s e the r e s p o n s e uni t s would be 

chosen by se lec t ing r a n d o m l y c o n s t r u c t e d u n i t s . 

4 . M o r e Efficient T r i a l s 

The l e a r n i n g p r o c e s s migh t be nnore eff icient if the 

p a t t e r n s w e r e s e l e c t e d to c o v e r the d i f fe ren t types of v a r i a t i o n in a 

s y s t e m a t i c m a n n e r . A l s o , J . W. B u t l e r has s u g g e s t e d that i n s t e a d of 

r andom v a r i a t i o n of al l of the connec t ions of the r e s p o n s e u n i t s , r a n ­

dom v a r i a t i o n of a few p e r c e n t of the connec t ions at a t i m e , s t a r t i n g 

with r e s p o n s e uni ts that had given a good p e r f o r m a n c e , migh t l e ad to 

c o n s i d e r a b l y b e t t e r ones in an efficient m a n n e r . 

The c l a s s of p a t t e r n s c o v e r e d in th is t e s t was v e r y 

b r o a d ; p e r h a p s u n n e c e s s a r i l y s o . In p a r t i c u l a r , the s m a l l Y's and X ' s , 

which gave c o n s i d e r a b l e difficulty b e c a u s e of t he c o a r s e d ig i t i z i ng , 

might wel l be omi t t ed for some p u r p o s e s . 

5 . M o r e L a y e r s 

The outputs of the r e s p o n s e un i t s could c e r t a i n l y be c o n ­

nected in a r andom way to ano the r l a y e r of uni ts and t h e s e in t u r n to 

s t i l l ano the r l a y e r , e t c . This would p r e s u m a b l y be the way to handle 

m o r e c o m p l i c a t e d p a t t e r n s ; but if s e v e r a l l a y e r s a r e needed to r e c o g ­

nize even s imple p a t t e r n s of the type used in th is t e s t , it i s h a r d to s ee 

how to s t a r t to o rgan i ze t h e s e . 

6. Weight ing 

It would be i n t e r e s t i n g to t r y uni t s whose output v a r i e d 

with the a l g e b r a i c sum of e x c i t o r y and i nh ib i t o ry i n p u t s . This would 

p r e s u m a b l y differ f rom the b io log ica l m o d e l s but in the p r e s e n t s t a t e 
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of our knowledge , t h e s e m o d e l s shou ld be c o n s i d e r e d m o r e a s s u g g e s ­

t i o n s t h a n l i m i t s , 

7, D e n s i t y of Connec t i ons 

The d e n s i t y of connec t ions (sol id dots in F i g , 13) used 

in th i s t e s t was about -j , Th is c o m e s about even though t h e r e was a 50% 

c h a n c e tha t any g iven c o n n e c t i o n w a s m a d e b e c a u s e an e x c i t o r y and 

i n h i b i t o r y connec t ion to the s a m e l ine c a n c e l out . This d e n s i t y s e e m s 

s o m e w h a t too high in r e t r o s p e c t ; c o n s i d e r a b l y lower d e n s i t i e s should 

be t r i e d , 

8, Size of A r r a y 

Roughly s p e a k i n g , a d e c r e a s e in the s i ze of t he a r r a y of 

a s s o c i a t o r un i t s could be t r a d e d for an i n c r e a s e in the n u m b e r of r e ­

sponse uni t s t r i e d in the l e a r n i n g m o d e . T h e r e is no g u a r a n t e e that the 

p a r t i c u l a r b a l a n c e c h o s e n is o p t i m u m ; c o n s i d e r a b l y d i f fe ren t ones 

shou ld be t r i e d . 

9. Scanning 

The d i s c r i m i n a t i o n would p r o b a b l y be m o r e r e l i a b l e if 

a p a t t e r n be ing t e s t e d w e r e s c a n n e d (that i s , p r e s e n t e d to the s e n s o r y 

un i t s in about 10 pos i t i ons s l igh t ly d i s p l a c e d f rom each o the r ) and a 

d e c i s i o n w e r e m a d e on the b a s i s of the a v e r a g e r e s u l t . This a s s u m e s , 

of c o u r s e , tha t the s p e e d in the t e s t ing mode is r a t h e r h igh . 
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^ - 2 - 1 9 Proper t ies of Light Nuclei (51210-01) 

Dieter Kurath 

GROUND STATE OF B^i 

The properties of B H have been investigated previously 

by use of an intermediate-coupling shell model, A recently detected 

e r r o r in the energy matr ix of the (I = | , T = i ) states changes the 

ear l ie r resu l t s . While the spectrum of energy levels is not seriously 

affected, the wave function of the ground state is changed in a way that 

results in a large alteration of the calculated magnetic moment. An 

example of this change is that when the intermediate-coupling parameter 

has the value a/K = 4 .5 , the magnetic moment calculated with the new 

wave function is jj. = + 2. 15 nm, whereas the old wave function gave 

f.1 = + 2, 85 nm. The experimental value is p, = + 2.69 nm. 

An alternative way to obtain wave functions for low-lying 
2 

states in the Ip shell is to generate them from Nilsson wave functions. 
3 2. 

For B^l there are two generators that produce (I = —, T = — ) s ta tes . 

These generators differ in that the projection of angular momentum on 

the nuclear symmetry axis is K = — for one, K = — for the other. The 

wave functions were projected for a value of the Nilsson parameter r\ -
2 

-8 , appropriate to the intermediate-coupling parameter a/K = 4 . 5 . 
1 3 

Then a l inear combination of the K = — and the K = — wave functions was 

fornned subject to the requirement that it gave the experimental value 

for the magnetic moment. 

Three points of interest ar ise from investigation with the 

resulting wave function: D, Kurath, Phys , Rev, 101, 216 (1956); 106, 975 (1957), 

D, Kurath, and L, Pieman, Nucl, Phys. 10, 313 (1959). 
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(1) The l i n e a r c o m b i n a t i o n d e t e r m i n e d in th i s w a y is 

v e r y c lo se to t he r e s u l t of a C o r i o l i s coupl ing c a l c u l a t i o n with the two 

g e n e r a t e d s t a t e s as d e s c r i b e d in Ref. 2. 

(2) The wave function has an o v e r l a p of 0. 967 with t he 

wave function obta ined by d i a g o n a l i z a t i o n . The l a t t e r wave function 

gave a magne t i c m o m e n t |j, = 2, 15 n m . 

(3) The m a g n e t i c m o m e n t c o m p u t e d for t he m i r r o r nuc leus 

C l l i s |jL = - 0. 94 nm, in good a g r e e m e n t with the p r e l i m i n a r y e x p e r i -
3 

nriental v a l u e . 

The s e n s i t i v i t y of the c a l c u l a t e d m a g n e t i c m o m e n t to r e ­

l a t ive ly s m a l l changes in the wave function is qui te s u r p r i s i n g . An ex ­

p l o r a t o r y i n t e r m e d i a t e - c o u p l i n g c a l c u l a t i o n wil l be done to see if one can 

v a r y the two-body i n t e r a c t i o n to obtain an e n e r g y s p e c t r u m and m a g n e t i c 

m o m e n t for B ^ ^ which a r e in b e t t e r a g r e e m e n t with e x p e r i m e n t than 

p r e v i o u s r e s u l t s . It will a l s o be of i n t e r e s t in connec t ion with e l e c t r o n -

s c a t t e r i n g e x p e r i m e n t s to c a l cu l a t e M l t r a n s i t i o n s t r e n g t h s B f rom 
M l 

the ground s ta te to v a r i o u s exc i t ed s t a t e s . H e r e c a l c u l a t i o n s wi th the 

old wave functions ind ica te a c o n c e n t r a t i o n of such s t r e n g t h in low- ly ing 

l e v e l s , a f e a t u r e which should c a r r y over to the new c a l c u l a t i o n . 3 

R. A, H a b e r s t r o h , W, J , K o s s l e r , O, A m e s , and D, R, H a m i l t o n , 
Bu l l . A m . P h y s . S o c 8, 8 (1962), and p r i v a t e c o m m u n i c a t i o n . 

V - 1 5 - 1 3 S t a t i s t i c a l P r o p e r t i e s of N u c l e a r E n e r g y S ta te s (51210-01) 

N, Rosenzwe ig 

ANOMALOUS STATISTICS OF P A R T I A L RADIATION WIDTHS 

1,2 

This note i n d i c a t e s how the ex i s t ing s t a t i s t i c a l m o d e l m a y 

be extended in o r d e r to d e s c r i b e such a n o m a l i e s as the u n e x p e c t e d l y 

s m a l l f luc tuat ions in p a r t i a l r a d i a t i o n widths which have been r e p o r t e d 
i 

C . E . P o r t e r and R, G. T h o m a s , P h y s . R e v . 104, 483 (1956). 
2 

T, J , K r i e g e r and C , E , P o r t e r ( t o b e p u b l i s h e d ) . 
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for U 239 . 

In order to bring the discrepancy between experiment 

and theory into sharp focus, we begin by describing the essential con­

tent of the theory. Let the set of initial compound states be denoted by 

•̂  1 ' ' ' ' ' +N ^"'^ ^^^ iimii s ta tes , after the emission of a single 

gamma ray, by 4)^, • • • , (ji , The reduced partial widths are of the 

form 

r . . = {+., y^.f . (1) 

The essence of the statistical model is the introduction of 

an appropriate distribution of compound states , which is best done in a 

pertinent representation of s ta tes: Let P denote the projection onto the 

space spanned by the N compound states . Let the space spanned by 

PV<|) .(i = 1, • • • , n) be denoted by S . Let us assume that S.is n 
1 n " 

dimensional, and let u, , u_ , ' ' ' . u be an orthonormal basis in S . 
^ 2 n n 

Let this basis be extended so that 

3 
D. J, Hughes, Brookhaven National Laboratory Report BNL-4464 (1959). 

4 D. J, Hughes, H, Palevsky, H, H. Bolotin, and R, E, Chrien in 
Proceedings of the International Conference on Nuclear Structure, 
Kingston, Canada, I960, edited by D, A, Bromley and E, W. Vogt 
(University of Toronto P r e s s , Toronto), p. 771, 

s 
C. Gorge, V. D. Huynh, J . Julien, J . Morgenstern, and F . Netter, 

J . phys. radium _22, 722(1961). 
6 

H. E. Jackson and L. M. Bollinger, Bull. Am. Phys , Soc. 6_, 274 
(1961). These wr i te rs find that the fluctuations are greater than reported 
in Ref. 3, 4, and 5. 

7 , 
L. M. Bollinger, R. E . Cote, R. T. Carpenter , and J. P . Marion, 

Phys . Rev. (in p r e s s ) . These workers find that the standard theory is 
not contradicted by the evidence for seven nuclides (excluding U^^^) and 
their reservat ions regarding the U^^^ data should also be noted. 

N. F . Fiebiger , Bull. Am. Phys . Soc. 7, 11 (1962). 
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N 
ijj, = y x,, u.. 
^ j=l Ĵ ' 

(2) 

All the results of the theory may be obtained from the assumption that 

the distribution of the orthogonal matrix l |x , , | | is given by the invar­

iant measure on the group of orthogonal matr ices in N dimensions. 

This distribution may also be regarded as the consequence of a pr in­

ciple of uniformity which states that the distribution of compound states 

shall be invariant under an arbi t rary change in the form of the residual 
9,10 

interaction between the nucleons. 
It follows from the above that any one of the compound 

states is distributed uniformly on the surface of the unit sphere in N 
1 1 

dimensions, i . e . , with the probability density 

pN 
P(x^,x^ • . • X )oc6 2 ^t 

[ i= 1 
N - oo . (3) 

The statistics of the n partial widths depend only on the distribution of 

the first n components, which, since N is assumed to be very large, is 

given asymptotically by 

P(x , ,x^ , X ) oz exp 
N 

I'' (4) 

From this simple distribution all the standard results nriay be obtained 

without further assumptions. In particular, the distribution of a single 
1 

partial width is given by the Por te r -Thomas distribution 

F . J. Dyson, J . Math. Phys. 2^, 140 (1962). 
1 0 

N. Rosenzweig, Bull. Am, Phys . Soc. T_, 91 (1962) and Brandeis 
University Lecture s, 196 2 (W. A. Benjamin, Inc . , New York , 1963). 

1 1 

The first index of x - has been dropped, since the distribution (10) 
IS the same for each compound state. 
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1 -yl^ „ 
1 e T̂  

T'(y) = ro— —T=^~ • y = -; (5) 

which h a s a r e l a t i v e v a r i a n c e 

( r ^ ) - ( r ) 2 
' ' ^ (D^ =^- '^' 

The c o r r e l a t i o n coeff ic ient T , , b e t w e e n two p a r t i a l widths has the t r a n s -

p a r e n t f o r m 

{PV<t> ,, PV<t) ,)2 
T = i :J (7) 

ii |PV4.if |pv4,j|^ 

, , 2 

and IS n o n - n e g a t i v e a s noted by K r i e g e r and P o r t e r . 

Le t us now c o n s i d e r the sum of s e v e r a l p a r t i a l widths 

b e t w e e n the s a m e in i t i a l s t a t e and the n final s t a t e s . This sum 

s = Tĵ  + r ^ + • • • + r , (8) 

3 - 7 

i s t he q u a n t i t y m e a s u r e d in s o m e e x p e r i m e n t s . If the r e l a t i v e v a r i a n c e 

of e a c h p a r t i a l width is 2 and the c o r r e l a t i o n coef f ic ien ts a r e pos i t i ve — 

a s is t he c a s e in the a b o v e t h e o r y — then i t fol lows r i g o r o u s l y tha t 

n > ^ , (9a) 

whe r e 
(S^ > - (S )2 

A2 = "̂̂  ' ^^' (9b) 
{ S ) 2 

is the r e l a t i v e v a r i a n c e of the s u m of p a r t i a l w i d t h s . Th i s r e l a t i v e v a r i ­

a n c e m a y b e e s t i m a t e d e x p e r i m e n t a l l y by a v e r a g i n g ove r a suff ic ient n u m b e r 

of c o m p o u n d s t a t e s . If the t h e o r y is a s s u m e d to be a p p l i c a b l e to U239 ^ 

t h e n the e x p e r i m e n t a l e v i d e n c e innplies tha t n > 20. Actual ly , h o w e v e r , n 
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is thought to be of the o r d e r 5 . T h e r e f o r e , the a s s u m p t i o n tha t the 

e x p e r i m e n t a l ev idence is r e l i a b l e f o r c e s one to the c o n c l u s i o n tha t the 

above t h e o r y fai ls in th i s p a r t i c u l a r c a s e . 

A d i s c r e p a n c y of the kind i l l u s t r a t e d above i n d i c a t e s tha t 

the s u b s p a c e S has s p e c i a l p r o p e r t i e s which m u s t find e x p r e s s i o n in the 
" 1 2 

s t a t i s t i c a l t h e o r y . One f a i r l y n a t u r a l way of f o r m u l a t i n g th i s idea 

c o n s i s t s in al lowing only those changes in r e s i d u a l i n t e r a c t i o n s which 

induce o r thogona l t r a n s f o r m a t i o n s (of the N compound s t a t e s ) u n d e r which 

S is an inva r i an t s u b s p a c e . The p r i n c i p l e of u n i f o r m i t y tha t is a p p r o -
n 

p r i a t e unde r th is a s s u m p t i o n s t a t e s : The joint d i s t r i b u t i o n of the N 

or thogona l compound s t a t e s sha l l be i nva r i an t unde r a l l o r thogona l t r a n s -

format ions in N d i m e n s i o n s unde r which S is i n v a r i a n t . We sha l l not n 

d e s c r i b e h e r e the e n t i r e d i s t r i b u t i o n which r e s u l t s f r o m th i s r e q u i r e m e n t , 

but only the p a r t which is r e l e v a n t for the so lu t ion of our p r o b l e m , name ly , 

the joint d i s t r i b u t i o n of the f i r s t n c o m p o n e n t s . It is g iven by 

P ( x ^ , x ^ , • • • , x ) cc J w(r) 6 J^ x.^ - r 

l-i=l 
r d r . (10) 

T h u s , P c o n s i s t s of a s u p e r p o s i t i o n of s p h e r i c a l she l l s we igh ted a c c o r d ­

ing to a dens i ty function w ( r ) . The f o r m of the weight ing function cannot 

be i n f e r r e d f rom g e n e r a l p r i n c i p l e s , but m u s t be c h o s e n on the b a s i s of 

phys i ca l ins ight into the p a r t i c u l a r c a s e o r in such a way as to b r ing 

a g r e e m e n t be tween t h e o r y and e x p e r i m e n t . In view of the fact that our 

knowledge of U ^ s s is not suff icient for a d e t e r m i n a t i o n of w ( r ) , we wil l 

r e c o r d some pe r t i nen t r e s u l t s which a r e not i m m e d i a t e l y affected by 

th is l im i t a t i on . F o r e x a m p l e , the r e l a t i v e v a r i a n c e of a s ingle p a r t i a l 

width, K^ , is r e s t r i c t e d (only) by the inequa l i ty 

Devia t ions from the e x t r e m e s t a t i s t i c a l m o d e l have been f o r m u l a t e d 
in o ther i n s t a n c e s , for e x a m p l e , when a c o m p l e x s y s t e m h a s a p p r o x i ­
m a t e c o n s t a n t s of the mot ion ; see N. R o s e n z w e i g and C . E . P o r t e r , 
P h y s . R e v . 120, 1698 (1960), Sec . V, 2; and F . J . Dyson , J . Math'. 
P h y s . 3, 1191 (1962). 
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- » ¥ r f • 
The coefficient of correlat ion p,, between two partial widths may be ex­

pressed in te rms of K̂  as follows: 

where T is defined by Eq. (7). It will be noted that the correlation co-

etticient in our theory may be either positive or negative. 

Let us now return to a discussion of the experimentally 

observed value of A^ , the relative variance of the sum of several partial 

widths I A little reflection shows that the small value of A^ , which has 

been reported, can be described with many sets of values of the pa ra ­

mete r s K^ , (v.), andT , , . However, our model, in conjunction with the 
1 i j ' = 

measured value of A^ , does place some limitations on the values of the 

p a r a m e t e r s . F i r s t , we will show that the assumption 

y ( r , ) ( r . > p . . & 0 (13) 

is untenable. If (13) were t rue, then 

K£ 2 ( n - l ) 
A2 A2{n+ 2) ^ ' 

For any reasonable value of n, say 2 ^ n ^ 10, a substitution of the ob­

served value of A^ in (14) leads to a contradiction. Hence, at least one 

of the correlat ion coefficients in (13) must be negative. From this we 

may conclude, in the light of (12), that 

1 3 

P . A. Moldauer has suggested that a negative correlat ion between 
reaction widths may be required for an understanding of some reaction 
cross sect ions. [Proceedings of the Symposium on Statistical Proper t ies 
of Atomic and Nuclear Spectra, State University of New York at Stony 
Brook (1963)] , 
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/<2 « 
2(1 - T ) 

( 1 + 2 T ) ' (15) 

w h e r e T is the l a r g e s t of the se t of p o s i t i v e n u m b e r s T... We a r e now 

r e a d y to s t a t e our ma in conc lus ion : The a n a l y s i s of the o b s e r v e d value of 

A^ in t e r m s of our mode l i m p l i e s tha t at l e a s t one of the c o r r e l a t i o n coef­

f ic ients p . , m u s t be negat ive and that the r e l a t i v e v a r i a n c e of a s ing le 

p a r t i a l width K^ m u s t be s m a l l e r than 2, 

It would be e x t r e m e l y i n t e r e s t i n g to know w h e t h e r or not K^ 

for U^ '^ has a ve lue which is s u b s t a n t i a l l y s m a l l e r than 2. H o w e v e r , a 

s m a l l va lue of K^ does not n e c e s s a r i l y imply that the shape of the d i s t r i b u ­

tion of a single p a r t i a l width wil l be q u a l i t a t i v e l y d i f fe ren t f r o m the P o r t e r -

Thomas d i s t r i b u t i o n . In o r d e r to p r o v e th i s a s s e r t i o n , le t us c o n s i d e r the 

dens i t y function 

w(r) cc S ( r^ - ro^) 

for which K^ a t t a ins i ts lower l i m i t : 

. 2 = ^ ( " - t ) 

(16) 

(17) 
/ n + 2 ) • 

W e h a v e c o m p u t e d t h e d i s t r i b u t i o n of a 

s i n g l e p a r t i a l w i d t h f o r n = 5 o n t h e 

a b o v e a s s u m p t i o n . T h e r e s u l t i s s h o w n 

in F i g , 14 f o r c o m p a r i s o n w i t h t h e 

P o r t e r - T h o m a s d i s t r i b u t i o n . A l t h o u g h 

t h e t w o d i s t r i b u t i o n s a r e q u a l i t a t i v e l y 

v e r y s i m i l a r , t h e r e l a t i v e v a r i a n c e of 

t h a t in t h e s t a n d a r d t h e o r y . 

F i g . 14. A s a n i l l u s t r a t i o n , t h e t h e m o d i f i e d d i s t r i b u t i o n i s o n l y 4 / 7 of 

d i s t r i b u t i o n of a s i n g l e p a r t i a l 

w i d t h of t h e m o d i f i e d t h e o r y 

b a s e d o n t h e d e n s i t y f u n c t i o n T h e t h e o r y of P o r t e r a n d 

(6) w i t h n = 5 ( s o l i d c u r v e ) i s T,, ^ -, T^ • ^ T^ ^ 
J . ^, ^, „ I h o m a s a n d K r i e g e r a n d P o r t e r c o r -

c o m p a r e d w i t h t h e P o r t e r -
T h o m a s d i s t r i b u t i o n ( d a s h e d r e s p o n d s p r e c i s e l y t o t h e d e n s i t y f u n c t i o n 
c u r v e ) . 
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• — r 
2 

w(r) oc e , (18) 

so that our model contains the standard theory as the most important 

special case , 

It needs hardly be emphasized that the above considera­

tions would not have enabled one to predict in advance that U239 shall 

exhibit an anomaly. Similarly, the region of applicability of the standard 
1 , 2 

theory is poorly defined. All one can say is that the latter may be 

expected to apply asymptotically when the system is "sufficiently com­

plex. " However, in practice deviations must be expected to occur, and 

our model is but one example of the kind of departure from the asympto­

tic theory that will occasionally be observed. 

A remark about the connection between the new model and 
14 

the stat ist ical theory of eigenvalues is in order . It is clear that en­

sembles of real symmetric matr ices exist which have both the Wishart 

distribution of eigenvalues and the joint distribution of eigenvectors in­

dicated above. Whether or not such an ensemble has a simple form when 

expressed in te rms of the matrix elements of the residual interaction is a 

question which remains to be investigated. 

The wr i te r is especially indebted to the authors of refer­

ences 2 and 7 for sending him preprints of their ar t icles prior to publi­

cation. Helpful discussions w i t h D r s . H. E, Jackson and L. M. Bollinger 

regarding the U^^^ data and conversations with Drs . J. M, Cook and J, 

Monahan are gratefully acknowledged. 

14 
E. P . Wigner, P r o c Fourth Canadian Math. Congress , 1957, An 

extensive bibliography is contained in Reference 9. 
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V-44-2 Foundations of Quantum Mechanics (51151-01) 

H. Ekstein 

EXPERIMENTAL VER IFIABILITY OF 
THE QUANTUM THEORY OF MEASUREMENT 

The orthodox theory of measurement in quantum mechan­

ics attributes a primary role to consciousness. Is it possible to design 

an experiment in which the theory predicts unambiguously an operation­

ally noticeable effect of an act of consciousness upon the course of 

physical events? The answer found here is Yes for a thought experiment, 

but No for any realistic experiment. The (unexpected) reason for the 

negative result is that orthodox quantum mechanics is incomplete in that 

it fails to define the measurement procedures whose existence it c la ims, 

A full report is in preparation. 
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A. F , Siegert, E, Jaynes, a n d S , Fujita (W. A. Benjamin, 
Inc, , New York) 

SEARCH FOR A PARTICLE-STABLE TETRA NEUTRON 
J, P . Schiffer and R. Vandenbosch (Project 1-50) 

Phys. Letters (15 July 196 3) 

TECHNIQUES FOR THE STUDY OF RADIATIVE ALPHA-CAPTURE 
REACTIONS 

J. A, Weinman (Project 1-21) 
Nucl, Instr , and Methods 
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PERSONNEL CHANGES IN THE ANL PHYSICS DIVISION 

NEW MEMBERS OF THE DIVISION 

Staff Members 

Dr, Fr i tz Coester . Born in Berl in , Germany, 1921, Married; four 

children, Janet , 8; William, 7; Hans, 5; and Michael, 4. 

Home address : RR # 2 , Iowa City, Iowa. P h . D . , 

University of Zurich, 1943. He has been at Argonne as 

a Resident Research Associate since 1 August 1962. He 

became a permanent staff nnember on 1 June 1963. 

Theoretical nuclear physics. 

Dr . J o h n R , Ersk ine . Born in Milwaukee, Wisconsin, 1931. Married; 

five children, David, 6; Therese Ann, 5; Timothy, 3; 

Mary Cla re , ij; and Paul , infant. Home address : 4804 

Highland Avenue, Downers Grove, Illinois. P h . D . , 

University of Notre Dame, I960, He has been at 

Argonne as a Resident Research Associate since 2 July 

1962. He became a permanent staff member on 

15 May 1963 to work on charged-part icle reactions at 

the Van de Graaff. 

Dr . William D, McGlinn, Born in Leavenworth, Kansas , 1930. Married; 

four sons, William, J r . , 9; Thomas, bj; Br ian, Zj; and 

Kenneth, 3 weeks old. Home address ; 905 Woodland 

Dr ive , Wheeling, Il l inois. P h . D . , University of Kansas , 

1959. He joined the Physics Division on 1 July 1963 to 

ca r ry on theoretical studies in particle physics. 
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Resident Research Associates 

Mr. Teymoor Gedayloo, Department of Phys ics , Lawrence College. 

Beta-ray spectroscopy and supervisor of ACM students. 

Returned to Argonne on 1 July 1963. (Host: S, B. Burson,) 

Dr. Kiyomi Itabashi, Research Associate, Department of Phys ics , 

Tohoku University, Sendai, Japan, High-energy reactions 

of elementary par t ic les . Came to Argonne on 30 July 1963. 

(Host: M. Peshkin.) 

Dr . Harry J. Lipkin, Professor of Physics , Weizmann Institute of 

Science, Rehovoth, I s rae l . Unitary symmetry of 

elementary part icles; simple models of many-part icle 

sys tems. Returned to Argonne on 3 June 1963. (Host: 

M. Peshkin.) 

Dr, Karl-Edvard Nyst^n, Research Associate , University of Helsinki, 

Finland, Study of (p,y) reactions at the Van de Graaff 

accelera tor . Came to Argonne on 1 July 1963, (Host: 

R, E, Holland.) 

Dr, Sudhir Pandya, Associate Professor , Physical Research Laboratory, 

Ahmedabad, India. Theoretical nuclear spectroscopy. 

Came to Argonne on 22 July 1963, (Host: M, Peshkin,) 

Resident Research Associates (Summer) 

Dr, Akito Arima, Lecturer in Department of Phys ics , University of 

Tokyo, Theory of nuclear s t ructure . Returned to 

Argonne on 11 June 1963. (Host: M, Peshkin.) 
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Dr. Louis A, P . Bal^zs , School of Mathematics , Institute for Advanced 

Study, Pr inceton, New Je r sey . Bootstrap mechanism 

of coupled TTTT-TTOJ proccsses . Came to Argonne on 

22 July 1963. (Host: M, Peshkin,) 

Dr . George B. Beard , Associate Professor of Phys ics , Wayne State 

University, Nuclear resonant fluorescent scattering of 

gamma r a y s . Came to Argonne on 17 June 1963, (Host: 

L, M. Boll inger.) 

Dr . R a y m o n T , Carpenter , Assistant Professor of Phys ics , State 

University of Iowa. Slow-neutron physics on the fast 

chopper; resonance-capture gamma-ray spectra . Returned 

to Argonne on 17 June 1963. (Host: L, M, Bollinger.) 

Dr . Justo A. Diaz, Assistant Professor of Phys ics , Ottawa University. 

Mossbauer effect in Cs^^^ and I^^s. Came to Argonne 

on 5 June 1963. (Host: J, Heberle,) 

Dr , Patr ick D. Doherty, Alma College, Los Gatos , California, Spatial 

a symmet r ies in the decay of polarized neutrons. Came 

to Argonne on 3 June 1963, (Host: G. R, Ringo.) 

Dr , Richard A. F e r r e l l , Professor of Phys ics , University of Maryland. 

Collective enhancement of Ml nuclear t rans i t ions . Came 

to Argonne on 17 June 1963. (Host: M, Peshkin,) 

Dr, Anthony M. Green , Research Associate , University of Maryland, 

College Park , Low-energy nuclear physics and the many-

body problem. Came to Argonne on 1 7 June 1963, (Host: 

M, Peshkin,) 
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Dr, Mazhar Hasan, Associate Professor of Phys ics , Northern Illinois 

University, Theory of plasma admittance in a high-frequency 

discharge. Came to Argonne on 13 June 1963. (Host: 

A. J. Hatch.) 

Dr. Amnon Katz, Senior scientist , Weizmann Institute, Rehovoth, 

Is rael , Many-body problem. Came to Argonne on 

3 July 1963, (Host: M, Peshkin,) 

Dr . Behram Kursunoglu, Professor of Phys ics , University of Miami. 

Nuclear and Coulomb scattering in strong magnetic field. 

Came to Argonne on 12 June 1963. (Host: M, Peshkin,) 

Dr, Smio Tani, Research Scientist, New York University, Convergence 

of Born ser ies in potential scat ter ing. Came to Argonne 

on 2 July 1963. (Host: M, Peshkin.) 

Resident Research Associate (Post-Doctoral) 

Dr. Amnon Marinov. Charged-particle reactions and elastic scattering. 

Came to Argonne on 5 June 1963, (Host: J. P , Schiffer,) 

Resident Student Associate (Summer) 

Mr, S. V. Paranjape, graduate student, Illinois Institute of Technology, 

Working through the Association of Midwest Universities 

with A. J. Hatch on measurement of the propert ies of rf 

p lasmas. Came to Argonne on 22 May 1963. 
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Resident Student Associate (Thesis) 

Mr . William C, Johnston, graduate student, Western Michigan University, 

Kalamazoo, Working wi thS . B. Burson on angular 

correlation experiments. Came to Argonne on 17 June 1963. 

Student Aides (Summer) 

Mr , William B, Ashworth, Wesleyan University, Middletown, Connecticut, 

Working with L, Meyer-Schutzmeister on analysis of data 

on the K29(p,a) and C^^(d,a.) react ions. Came to ANL on 

13 June 1963, 

Mr , Edward Chase, Manchester College, Manchester, Indiana. Working 

with Manfred Kaminsky on assembly and testing of the 

pulsed-beam mass spectrometer . Came to ANL on 

4 June 1963. 

Mr, Michael Cr isp , Bradley University, Peor ia , Illinois. Working with 

R. K. Smither on processing of data from the bent-crysta l 

spect rometer . Came to ANL on 4 June 1963. 

Mr . William S. Denno, Kalamazoo College, Kalamazoo, Michigan, 

Working with S, S. Hanna on Mossbauer analyses of 

meteor i tes and ferromagnetic alloys. Returned to ANL 

on 18 June 1963. 

Mr. Gary Feldman, University of Chicago, Working with John Erskine 

on taking and analyzing magnetic-spectrograph data. 

Came to ANL on 18 June 1963. 
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Mr. William R. Gage, Carleton College, Northfield, Minnesota. Working 

with Ralph Segel on analysis of data on the Bii(p, 'Y)Cl2 

reaction. Came to ANL on 1 3 June 1963. 

Miss Carol L. Hagaman, Western Illinois University, Macomb. Working 

with C. C. Trai l on analysis of y - ray spectra from the 

reaction F i9 (p ,ay)Ois . Came to ANL on 13 June 1963. 

Mr. Robert L. Johnson, St. Olaf College, Northfield, Minnesota. Work­

ing with W. A. Chupka and J. Berkowitz on measurements of 

ionization cross sections. Came to ANL on 1 3 June 1963. 

Miss Sharon L. Kromer , Michigan State University, East Lansing, 

Michigan. Working with R, E, Cot^ on analysis of data 

taken with the fast chopper. Came to ANL on 11 June 1963. 

Miss Janet L, Mather, University of Chicago, Working with S, B, Burson 

on computer programs for spectrum analysis; decay scheme 

of Wise . Came to ANL on 18 June 1963, 

Mr, Lewis Milton, University of Illinois, Working with J. L, Yntema on 

analysis of data from the 60-in, scattering chambers . 

Came to ANL on 18 June 196 3, 

Mr. David Pat terson, Grinnell College, Grinnell , Iowa. Working with 

J. P . Schiffer on calculations of charge distributions and 

energy levels in nuclei. Came to ANL on 6 June 1963. 
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Mr. Melvin Pronga , Monmouth College, Monmouth, Illinois. Working 

with D. S. Gemmell on assisting in collection and 

analysis of data on the Li6(a,a) reaction. Returned to 

ANL on 2 July 1963. 

Mr . Richard W. Reno, Knox College, Galesburg, Illinois. Working with 

J. Heberle on experiments with the Mossbauer effect. 

Returned to ANL on 5 June 1963. 

Mr . George Rieke, Oberlin College, Oberlin, Ohio. Working with 

G, J, Perlow on Mossbauer experiments and analysis 

of the data. Returned to ANL on 11 June 1963, 

Co-op Technicians 

Mr , Timothy Lawler III, Marquette University, Milwaukee, Wisconsin, 

Working with J, P , Schiffer on reduction of the data from 

reaction and elast ic-scat ter ing experiments . Came to 

ANL on 3 June 1963, 

Mr, Charles Denis Prue t t , Purdue University, Lafayette, Indiana, 

Working with L, Meyer-Schutzmeister on analysis of 

data on the Ci2(d,a) and BiCl(p,\) react ions. Came to 

ANL on 10 June 1963, 

Technicians 

Mr , Warren T, J ivery joined the Physics Division on 6 June 1963 as a 

Research Technician (Junior) to work with W, A, Chupka 

and J, Berkowitz, 



62 

Mr. Manley S, Keeler returned to the Physics Division for the summer 

on 12 June 1963 as a Research Technician (Junior) to work 

wi thR, Amrein. 

Mr. Edward J. Leech joined the Physics Division on 13 August 1963 as 

a Research Technician (Junior) to work with J, R. Wallace, 

Mr. James Pas te r i s joined the Physics Division on 22 July 1963 as a 

Research Technician (Junior) to work with William Evans, 

Clerk 

Miss Janet Harr is joined the Physics Division on 15 July 1963 to work 

with R. E. Segel. 

PROMOTIONS 

Mr. Arthur E, Froehlich has been promoted from Research Technician 

to Senior Technician. 

Mr. David Lee Kurth has been promoted from t racer to detai ler . 

DEPARTURES 

Dr, Howard W. Broek who has been a staff member of the Physics 

Division since I960 terminated on 7 June 1963 to go to 
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the Bell Telephone Laborator ies , Whippany, New J e r s e y , 

to work on acoustical oceanography. 

Dr . Stanley S. Hanna, who has been on the staff of the ANL Physics 

Division since September 1955, has worked at the Van 

de Graaff and Tandem accelera tors on the excited states 

of light nuclei (Project 1-21), on positron polarization 

resulting from the failure of parity conservation in weak 

interactions (Project 1-125), and on the nuclear resonant 

absorption of gamma rays (Project 1-19) which in recent 

years has consisted largely of Mossbauer studies. He 

terminated at ANL on 20 August 1963 to become Professor 

of Physics at Stanford University, Stanford, California. 

Dr , Michitoshi Soga, who has been a Resident Research Associate at 

Argonne since 21 August 1961 terminated 5 August 1963. 

Transfer 

Dr . Sol Wexler t ransfer red from Physics to the Chemistry Division 

on 1 July 1963. 
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